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COMPOSITIONS FOR TREATING ANGINA 

This plication claims priority to United States Provisional Application No. 
60/457 W filed on March 27, 2003 entitled METHODS OF TREATING ANGINA 
5 die disclosure ofwMch is incoiporated by reference herdn. 

BACKGROUND 

It is estimated that 6,600,000 people in the United States suffer from angina, 
and an estimated 400,000 new cases of stable angina occur each year. (Framingham 
10 Heart Study, National Heart, Lun& and Blood Jbstitute). 

Pradrenergic-blocldng agents are widely used for flie prophylaxis of angina. 
However, fliese blocking agoits have not generally been shown to be effective for 
acute uses such as the managemoit of an angina attack. Once an attack has 
commenced, the treatment of choice is normally nitroglycerin. Therefore, to avoid 
15 attacks, one treatment course fiir individuals subject to angina involves flie daily 
administration of a prophylactic dosage of a P-adrenergic-blocking agent such as 
propranolol. Altiiougfh tiiis has been shown effective in reducing the frequency of 
angina attacks in humans, it has the drawback of virtually constant drug therapy. 
Some patients do exhibit adverse reactions to p-adrenergic-blocking agaits. In 
20 particular, at the high dosage levels utilized for prevration of angina, side effects 
such as bradycardia, hypotension and dizziness can be encountered. Furtfaennore, 
patients who are pregnant suffer hepatic inq>ainnent or have bronchitis or 
onphysema. can wily unda:;^ flie constant drug exposure voider closely monitored 
conditions, if at all. Therefor^ thwe remains a need for other metiiods of treating 
25 patients sufTering from angina. 

SUMMARY OF THE INVRNTTf)M 
The invoition includes a method of treating angina in a mammal that 
includes administering a ther^eutically effective amount of at least one of 
30 pyridoxal-5'-phosphdte, pyridoxic acid, pyridoxal, pyridoxine, pyridoxamine, 3- 
acylated analogues of pyridoxal, 3-acylated analogues of pyridoxal-4,5-aininal, 
pyridoxine phosphonate analogues, phannaceutically acceptable salts thereof or 
pharmaceutical compositions thereof. 

1 



CONFIRMATION COPY 



wo 2004/084910 PCT/ra2004/000910 



BRIEP DBSCRIPTtON OP THE DRAWINGS 
Figure 1 illustrates glucose oxidation rates in rat hearts treated with saline, 
DCA,andP5P. 

5 DESCRIPTION OP THE INVENTION 

The recitation of numerical ranges by endpoints includes all numbers and 
fiactions subsumed within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 
and 5 for example). 

All numbers and fractions thereof are presumed to be modified by flie term 
10 "about" 

It is to be understood that "a," "an," and "the" include plural referents unless 
the content clearly dictates otherwise. Thus, for exanq>le, reference to a composition 
containing "a compound" includes a mixture of two or more compounds. 

Some of the compounds described herein contain one or more asymmetric 

15 cCTters and may thus give rise to enantiomars, diastereomers, and otiier 

stereoisomeric forms which may be defined in terms of absolute stereochemistry as 
(R)- or (Sy. The present invention is meant to include all such possible 
diastereomers and enantiomers as well as their racemic and optically pure forms. 
Optically active (R)- and (Sy isomers may be prepared using chiral syothons or 

20 chiral rQagents, or resolved using conventional techniques. When the conq>ounds 
described herein contain olefinic double bonds or other centers of geometric 
asymmetry, and unless specified otherwise, it is intended that the compounds 
include both E and A geometric isomers. Likewise all tautomeric forms are 
intended to be included. 

25 The invention is directed to methods of treating angina in a manmial by 

administering a therapeutically efifective amount of pyridoxal-5'-phosphate (also 
referred to herein as either PLP or P5P), pyridoxal, pyridoxine, pyridoxamine, 3- 
acylated analogues of pyridoxal, 3-acylated analogues of pyridoxal-4,5-aniinal, 
pyridoxine phosphonate analogues, pharmaceutically acceptable salts thereof or a 

30 pharmaceutical composition thereof. 

As used herein, the phrase "treatmg angina" includes but is not limited to, 
reducing or relieving the symptoms of an angina attack, reducing the frequency of 
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angina attack, altering the sympUma of an angina attack, delaying the onset of an 
angina attacl^ and reducing the duration of angina attack. 

Methods of flie invention can be utilized to treat angina pectoris, stress 

induced angma, stable angina, unstable angina, or Prinzmetal's angina 
5 Angina pectoris results when myocardial oxygen demand is increased to 

levels that cannot be met through mcreased coronary blood flow. It usuaUy results 
because of stenotic atherosclerotic lesionis in one or moi« of the epicardial coronary 
vessels. Accordmgly, angina is typically brought on by physical exertion or 
emotional stress. Most patients with stable angina can identify specific activities or 
10 situations fliatwiU predictably eUcit the discomfort; walking up an incline or 
hunying are common examples. Some variability in the effort Areshold is not 
uncommon. Activity done in cold weather, after meals or early in the mommg may 
also be more likely to evoke angma. Some patients report that activity with thenr 
arms above their heads is more likely to produce the discomfort The variable effort 
15 threshold for angma m some patients suggests that dynamic alterations m coronary 
blood flow (eg, because of an intermittent increase in coronary vasomotor tone) 
contribute to fixed atherosclerotic stenosis in limiting blood flow. Episodes of 
stable angina usually begin graduaUy and last about 2 to about 1 0 minutes. 
Discomfort is usually relieved promptly by rest or subhngual nitroglycerin. 
20 The synqjtoms of angma pectoris are typically described as a substernal chest 

discomfort pCTceived as a tightness, heavine^, pressure, or a burning sensation. It is 
charactoistically nonfocal, i.e., the patient cannot uidicate the location witti one 
finger. The discomfort may radiate to the left shoulder or the arms, or to the neck 
and jaw. Some patients describe their angina m more atypical tarns, such as sharp, 
25 a "gas pain", discomfint only m the jaw, teeth, forearms, or back, or discomfort 
beginning m die epigastric region and radiating up mto the chest. Other patients 
describe it as shortness of breath wifli no definite discomfort, a symptom called 
angina-equivalent dyspnea. 

Stress-induced angina also occurs in some patients wifli severe aortic 
30 valvular stenosis, left ventricular hypertrophy, or puLnonaiy arterial hypertension m 
the absence ofsignificant coronary artery stenoses, hi these situations, even normal 
coronary blood flow may be inadequate to meet the heightened myocardial oxygen 
demand. Angina may also develop in persons with vray dilated left ventricles, 
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particularly when accooapanied by reduced diastolic coioiiary perfiisioii pressure, as 
in advanced aortic regnrgitatioxL 

Angina pectoris that has recently progressed or spontaneously increased in 
severity, frequOTcy, or duration-particularly if accompanied by rest pain— is 
5 considered unstable angina- Patients with the recent onset of angina, particularly if 
it occurs at low levels of activity or at rest, are also included in fliis category. Most 
unstable angina patients have underlying obstructive coronary disease; the 
uiqyredictable onset of symptoms or conversion from a stable to an unstable pattern 
usually results from atiierosclax>tic plaque Assuring with siq>erinq>osed platelet— or 
. 10 fibrin-rich thrombi. An unstable pattern can also be precipitated by extracoronary 
&ctors (secondary unstable angina). Severe anraoda or carbon monoxide exposure, 
for example, limits the ciqpacity of the blood to cany or release oxygen and can 
result in angina under conditions that a patimt with coronary disease mi^ 
oflierwise tolerate welL Uncontrolled systemic arterial hypertension, n^id 

1 5 dysrhythmias, or hypoxemia due to pulmonary disease can also provoke angina 
pectoris, as can hyperthyroidism. . 

Prinzmetal's angina is similar in character and location to. stable angina and 
often responds to nitroglyceriiL It characteristically occurs at rest, however, without 
obvious provocation or a preceding increase in heart rate or blood pressure. These 

20 features are explained by its underlying mechanism: transient coronary artery spasm. 
Often, the q)isodes occur in the early morning. Some patients with Prin2metal's 
angina rqx>rt other vasomotor-related syiKq>toms such as migraine headache or 
Raynaud's phenomenon. (Textbookof Internal Medicine, Third Edition, pages 316- 
317 (1997). 

25 As used herein mammals include, but are not limited to humans. 

A "thenq>eutically effective amount" as used herem includes a prophylactic 
amount, for example, an amount effective for prevoiting the occurrence of an angina 
attack. For example, a therapeutically effective amount includes an amount suitable 
for reducing or relieving the symptoms of an angina attack. Moreover, a 

30 tiierapeutically effective amount includes an amount suitable for decreasing the 
frequency of occurrmce of angma attacks. A therq>eutically effective amount also 
includes an amount suitable to alter tiie synq>toms of an angma attack. A 
therq)eutically effective amount also includes an amount suitable to delay the onset 
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of an angma attack. An amount effective to reduce ttie duration of an angina attack 
can also be consid^ed a therapeutically effective amount 

A t]ierq>eutic confound can be administered, for exanq>le, after an angina 
attack has occurred In an alternative embodiment, a composition of the invention 
5 can be administered before or during the occurrence of an angma attack. 

Therapeutic C ompoimds Snitable for Use in Methods of the Invftntinn 

Methods of the invention include administration of a thraapeutically effective 
amount of a compound including any one or more of pyridoxaI-5'-phosphate, 
10 pyridoxal, pyridoxine, pyridoxamine, S-acylated analogues of pyridoxal, 3-acylated 
analogues of pyridoxal-4,5-aminal, pyridoxine phosphonate analogues, 
phannaceutically accqjtable salts thereof or pharmaceutical compositions thereof 

hi one embodiment, a tfafflq>eutic compound includes any one or more of 
pyridoxal-5*-phosphate, pyridoxal, pyridoxme,^ pyridoxamine, or a phaimaceutically 
15 acceptable salt thereof. 

Pyridoxal-5'.phosphate (PLP), an end product of vitamin Be metabolism, 
. plays a vital role m mammalian healths Vitamin Be typically refers to pyridoxine, 
ipvliich is chemicaUy Imown as 2-mefliyl-3-hydroxy^^^ 
and is represented by formula L 




Yet two additional conqiounds, pyridoxal (formula E) 
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and pyridoxamme (finmiila ID) 

HO,,^^,,4s;jj^CHjOH 

(m), 

are also referred to as vitamin Be- All three conq>ounds serve as precursors to 
5 pycidoxal-S'-phosphate (flP), which is chemically known as 3-hyclroxy-2-meth^-S- 
[(phosphonooi^) me(fayl]-4-pyadine-caiboxaldehyd6 and is rqnesented by formula 




PLP is a metabolite of vitamin Be inside cells and in blood plasma. . 
Mammals cannot synthesize PLP de novo and must rely on dietary sources of 
precursors such as pyridoxine, pyiidoxal, and pyridoxaminey which are metabolized 
to PLP* For instance, mammals produce PLP by phosphorylating pyridoxine by 

15 action of pyridoxal kinase and then oxidizing the phosfphorylated product. 

PLP is a regulator of biological processes and a co&ctor in more than 100 
enzymatic reactions. It has been shown to be an antagonist of a purinergic reenter, 
thereby afTecting ATP binding; it has been implicated in modulation of platelet 
aggregation; it is an inhibitor of certain phosphatase enzymes; and it has been 

20 in^licated in the control of gene transcription. PLP is also a coenzyme in certain 
enzyme-catalyzed processes, for example, in glycogenolysis at the glycogen 
phosfphorylase level, in the malate asparatate shuttle involving glycolysis and 
glycogenolysis at the transamination level, and in homocysteine metabolism. In 
previous patents (US 6,051,587 and US 6,043,259 which are incorporated by 

25 reference herein) the role of pyridoxal-5'-phosfphate, and its precursors pyridoxal 
and pyridoxine (vitamin B^), in mediating cardiovascular health and in treating 
cardiovascular related diseases has been disclosed. 
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Tlierq>eutio compauadB include esters of pyiidoxic acid and pyridoxic 
acid4,S-lactone. 

Tlierq>eutic coiiq)otind8 also include any one or moie of tiie 3>acylated 
analogues of pyridoxal rqiresaited by formula V: 

CHO 



5 




where 

Ri is aD^l, or alken^d, in \(1iich all^ or aU^yl can be iatermpted by 

nitrogen, oxygen, or sulfur, and can be unsubstitoted or substituted at tlie 
tetminal carbon with hydroxy, aUcoxy, alkanoyloxy, alkanoyloxyaryl, 
10 alkoxyaJkanojd, alkoxycarbonyl; or Rl is diaIkylcaibamo>1oxy; alkoxy; 

dialkylamino; alkanoyloxjr, alkanoyloxyaryl; alkoxyalkanoyl; 
alkoxycarbonyl; dialkylcaibamoyloxy; orRl is aryl, aryloxy, aryltiiio, or 
aralkyl, in which aryl can be substituted by a]k}d, alkoxy, amino, 
hydroxy, halo, nitro, or alkanoyloxy; 
15 or a phannaceutically acceptable salt &a:eof. 

The term "alliyr includes a straight or branched saturated aliphatic 
hydrocaibon radicals, such as, far example meOiyl, ethyl, propyl, isopropyl (1- 
H3C .CH3 

methylethyl), -b— — . butyl, tert-hutyl (1,1-dimethyiethyl), and the like. 

The term "alkenyl" includes an unsaturated aliphatic hydrocarbon chain 
20 having bom 2 to 8 caifoon atoms, such as, for example, etfaenjd, 1-propenyl, 2- 
propenyl, 1-butenyl, 2-methyl-l-propenyl, and the Uke. 

The above alkyl or alkenyl can optionally be intemq>ted in the chain by a 
heteroatom, such as, for exanq>le, a nitrogen, sulfur, or oxygen atom, forming an 
alk3daminoalk3i, alkylfhioallcyl, or alkoxyalkyl, for exanqile, methylaminoethyl, 
25 etti}dfhiopropyl, meflioxymetti>i, and the like. 

The above alkyl or eiOsisayl can optionally be substituted at the teiminal 
caifoon by hydroxy, alkoxy, alkanoyloxyaryl, alkanoyloxy, alkoxyalkanoyl, 
alkoxycarbonyl, or dialkylcaibamoyloxy. 
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The tann "aOcoxy** (ie. alkjd-O*) includes aOsyl as defined above joined to 
an oxygen atom having preferably fiom 1 to' 4 carbon atoms in a stiaig^OT branched 
chain, such as, for exanq>le, me&oxy, ethoxy, propoxy, isopropo^ (1- 
methyletfaoxy), butoxy, tert-hxdoxy (1,1-dimeihylethoxy), and the like. 
5 The term "dialk>damino" includes two alkyl groiq)s as defined above joined 

to anitrogen atom, in which alkyl has preferably 1 to 4 carbon atoms, such as, for 
example, dimethylamino, diethylamino, methjdethylamino, methylpropylamino, 
diethylamino, and the like. 

The term "alkanoyloxy" inchides a groiq> of the formula C—O— ) 

1 0 Examples of alkanoyloxy include methanoyloxy, ethanoyloxy, propanoyloxy, and 
die like. Examples of alkyl substituted at the terminal carbon by alkanoyloxy 
include 1 -ethanoyloxy- l-meth)dethyl, propanoyloxy-l-meth>4efliyi, and the like. 
The term "alkanoyloxyaryl" includes a group of the formula 
o 

(ADc— C O At ) gxajj^qjigg of aUcanoyloxyaryl include 
IS methanoyloxyphenyl, ethanoyloxyphenyl, propanoyloxyphenyl, and the like. 

The term "aryl" refers to unsaturated aromatic carbocyclic radicals having a 
single ring, such as phenyl, or multiple condensed rings, such as n£q>hthyl or anfhi^. 
The term "aryl" also includes substituted aryl comprising aryl substituted on a ring 
by, for example, Ci-* alkyl, Ci^ alkoxy, amino, hydroxy, phenyl, nitro, halo, 
20 carboxyalkyl or alkanoyloxy. Aryl groiqis include, for example, phenyl, naphthyl, 
anihryl, biphenyl, methoxyphenyl, halophenyl, and the like. 

The term "aryloxy" (i.e. aryl-O-) includes aryl having an oxygen atom 
bonded to an aromatic rin& such as, for exanqple, phenoxy and naphthoxy. 

The term '^aryldiio*' (i.e. aryl-S-) includes aryl having a sulfur atom bonded 
25 to an aromatic ring, such as, for ^cample, phenylthio and naphthylthio.. 

The term "aralkyl" refers to an aryl radical defined as above substituted with 
an alkyl radical as defined above (e.g. aryl-alk^"). Aralkyl groups include, for 
example, phenethyl, benzyl, and naphthyhnethyl.. 

Aryl fix)m any of aryl, aiyloxy, arylthio, aralkyl, and alkanoyloxyaryl can be 
30 unsubstituted or can be substituted on a ring by, for example, Cm alkyl, Cm alkoxy. 
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amino, hydroxy, nitro, halo, oralis Bxamples of substttated aryl include 

tohiyU methoxyphenyl, ethylphenyl, and the like. 

The tenn "aDcoxyaJkanoyl" includes a group of the foimula 

L 

^ ^ . Bxamples of alkoxyalkanoyl include (2-acetoxy-2- 

5 metiiyl)propanyl, 3-ethoxy-3-propanoyI, 3-me&oxy*2-propanoyl, and the like. 
The term ''alkoxycaibonyl" includes a group of the fommla 

_ J- 

CAik o c ) Exanq)les of alkoxycarbonyl include metiioxycarbonyl, 
ethoxycaibonyl, propoxycarbonjd, and tibie like* 

The term **dia]kylcaxfoamoyloxy includes a group of the formula 

10 '^'^ Examples of dialkjicaihamoyioxy include dimethylamm 

meflianoyloxy, 1-ethyi-l-methyIaminomethanoyloxy, and the like. Examples of 
alkyl siibstitutedat the temiinal carbon^by alkanoyloxy include dimethylamino-1*- 
methylethyl, l-ethjd-l-methylaminomethanoyloxy-l-methyletiiyl, and the like. 
The temi "halo" includes bromo, chloro, and fluoro. 

15 In the embodiment Ri includes toluyl, n^hthyl, phenyl, phmoxy, 

dimethylamino, 2,2-dimethylethyl, ethoxy, (2*acetoxy-2-meth)i)propanyl, 1- 
ethanoyloxy-l-mediylediyl, rerf-buty], acetylsalicyl, and ethanoyloxyphenyl for 
example. 

In another embodiment Ri groiq>s for compounds of formula V are tolujd or 
20 nq)h&yl. Such 

I? 

Ri groups when joined with a caibonyl group form an acyl group which can 

include toluoyl or >9-nq)hthpyl for »anq>le. Of the toluoyl group, the /^-isomer is 
the substituent in one embodiment. 

Examples of 3-acylated analogues of pyridoxal include, but are not limited 
25 to, 2-methjd-3-toluojdpxy-4-form3d-5-hydroxymethylpyridine and 2-methyl->9- 
naphthoyl6xy-4-foraiyl-5-hydroxymethylpyridine. 
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Exaiiq>le8 of cooqwunds of finmnla V and methods of synthesizmg Uiose 
conqjounds are described in U.S. Patent No. 6,339,085, flie disclosure of ^ch is 
inccnponited herein by refermce. 

ThenQ)eatic compounds also include any one or more of tiie 3-acyiated 
5 analogues of pyridoxal-4,5-aminal represented by fomiula VI: 



25 



(VD 



where 

Ri is alkyly or alkrayU in which alky! or alkeayl can be interrupted by 
10 nitrogen, oxygen, or sulfur, and can be unsubstituted or substituted at the 

t^minal carbon with hydroxy, alkoxy, alkanoyloxy, alkanoyloxyaryl, 
alkoxyalkanoyl, alkoxycaifoonyl, or dialkylcarbamoyloxy; Ri is alkox>^ 
dialkylamino; alkanoyloxy; alkanoyloxyaryl; alkoxyalkanoyl; . 
alkoxycaibonyl; dialkylcaibamoyloxy; Ri is aryl, aryloxy, aiylthio, or 
15 aiulkyl, in which ar>i can be substituted by a]]grl, alkoxy^ 

hydroxy, halo, nitro, or alkanoylox)^ 

R2 is a secondary amino groiq>; 

or a pharmaceutically aiDceptable salt thereof 

The terms "alkjd," "alkenyl," "alkoxy," "diallgrlamino," "alkanoyloxy," 
20 "alkanoyloxyaryl," "alkoxyalkanoyl," "alkoxycaibonyl," "dialkylcarbamoyloxy," 
••halo," "aryl," "aryloxy," "arylthio," and "aralkjd" are as defined above for fomiula 
V. 

The term "secondary andno" group includes a group of formula VII: 



(vn) 



d^ved fiom a secondary aniineRaRiNH, in which R3 andR4 are each 
independently alkyl, alkenyl, cycloalkyl, aryl, or, when Ra and R4 are taken togetiier, 
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may fonn a ring witibi the nitrogen atom and whidi may be interrupted by a 
heteroatom, such as, for example, a nitrogen, sulfinv or oxygen atom. The terms 
"alkyl/* "alkenyl,'* and ''aryi*' aie used as defined above in forming secondary amino 
groups such as, for example, dimethylamino, methylethylamino, diethylamino, 
5 dialkylamino, phenyhnethylamino, diphenylamino, and the like. 

The term "cycloalkyl" refers to a saturated hydrocarbon having from 3 to 8 
carbon atoms, preferably 3 to 6 carbon atoms, such as, for exanqile, cyclopropyl, 
cyclopentyl, cyclohexyl, and the like. 

When R3 and R4 are taken together to form a ring wi& the nitrogen atom, a 
10 cyclic secondary amino group, such as, for exanqile, piperidino, can be formed 
When the cycUc secondary anuno groiqp is inteniq>ted with a heteroato^ 
such as, for example, piperarino or moipholino can be formed* 

la one embodiment Ri groiq>s include toluyl, naphthyl, phenyl, phenoxy, 
dimethylamino, 2,2-dimethylethyl, ethoxy, (2-acetoxy-2-mefliyl)propanyl, 1- 
15 ethanoyloxy-l-methylethyl, tert-hvOyU acetylsalicyl, and etfaanoyloxyphenyl for 
example. 

In another embodiment Ri groups can include toluyl, e.g., /i-toluyl, n^hthyl, 
terr-butyl, dimethylamino, acetylphenyl, hydroxyphenyl, or alkoxy, e.g., methoxy. 

Such Ri groups when joined with a carbon>i group form an acyl groiq> \)sdiich 
20 can include toluoyl, >9-nq>hthoyl, pivaloyl, dimethylcaibamoyl, acetylsalicyloyl, 

salicyloyl, or alkoxycaibonyl. hi anotfao: embodiment R2, the secondary amino 

groiq) can be moipholino. 

Exanq>les of 3-acylated analogues of pyridoxaM,5-aminal include, 

but are not limited to, l-morpholino-l,3-dihydro-7-^-toluoyloxy)-6-meth)d£uro(3,4- 
25 c)pyridine; l-moipholino-l,3-dihydro-7-^naphthoyloxy)-6-methylfuro(3,4- 

c)pyridine; l-mo]pholino-l,3-dihydro-7-pivaloyloxy'^-methylfiuo(3,4-c)^ 

l-mo]pholino-l,3-dihydro-7-cari>amoyloxy-6-metfaylfim>(3,4^ and 1- 

morpholino-l,3-dihydro-7-acetylsaUcyloxy-6-methylfl^ 

Examples of confounds of formula VI and methods of synthesizing those 
30 compounds are described in U.S« Patent No. 6,339,085, the disclosure of which is 

incorporated herein by reference. 
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Thei^q>euti c coiiq)ouiids include any one or man pyridoxal phosphonate 
analogues i^resented by flie fomiiila Vni: 




(Vm) 

5 where 

Ri is hydrogen or alkyl; 

R2 is rCHO, -CH2QH, -CH3, -CO2R6 in which is hydrogen, alkyl, or aryl; 
or R2 is -CH2.0-a]k^- in which alkyl is covalently bonded to fhe oxygen at 
the S'position instead of Rt; 
10 R3 is hydrogen and R4 is hydroxy, halo, alkoxy, alkano^oxy, alkylamino or 

arylamino;or 
R3 and R4 are halo; and 

R5 is hydrogen, alkyl, aryl, aralkyl, or-COzR? in which R7 is . 
hydrogen, alkyl, aryl, or aralliyl; 
IS or a pharmaceutically acceptable salt th^eof. 

The terms "alkyl," "alkoxy," "alkanoyloxy," "halo," "aryl," and "axalkyl" are 
as defined above for formula V. 

The temi "alkylaknino" refers to -MH-all^ with alkyl as defined above. 
Alkylamino groups include those widi 1-6 caifoons in a straight or branched chain, 
20 suchas,forexample,methylamino, ethylamino,propylamino, and&^ 
The term "aiylamino" refers to -N-aiyl witb aryl as defi^ 
Arylaxnino includes-NH-phenyl, -NH-biphenyl, -NH-4-methoxyphenyl, and the 
like. 

Examples of compounds of formula Vm include those where Ri is 
25 hydrogen, or those where R2 is -CH2OH, or -CH2.0-alk>4- in which alkyl is 

covalently bonded to the oxygen at the 3-position instead of Ri, or those where R3 is 
hydrog^ and R4 is F, MeO- or CH3C(0)0-» or those where R5 is alkyl or aralkyl. 
Additional samples of conqK>unds of formula Vm include those where R3 and R4 
are F, or ttiose where R5 is t-butyl or benzyl. 
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Therqieutic conqKninds finfiiar include any.one or more pytidoxal 
phosphonate analogues represoited by the finmula IX: 



(DO 



inwhidi 

Ri is hydrogen or aUcyl; 

R2 is -CHO, -CH2OH, -C3l3 or-CQzRs in -widck R5 is hydrogen, alkyi, or 
ar^; or 

is -CH2.0-aI]qd- in wfaidi alkyl is covalently bonded to the oxygen at the 
- 3-position instead of Ri; 
R3 is hydrogen, alkyl, aryl, or aralkjd; 

R4 is hydrogen, alk)d, aryU aralkyi, or -CQzRfi in which R« is 

hydrogCT, aUcyl, aryl, or araUcyl; 
n is 1 to 6; 

or a pharmaceutically accq>table salt thereof 

The terms "alk^d," "aryl," and "aralkjd" are as defined above for formula V. 

^canq)les of conqiounds of formula DC include those wbiae Ri is hydrogen, 
or those where Rz is -CEL^H, or -CBb-O-alkyi- in whidi alkyl is covalently b(»ided 
to tiie oxygoi at die B-position instead of Ri, or those where R3 is hydrogen, or those 
where R4 is alkyl or hydrogen. Additional exanq>les of compounds of fonnula DC 
include those where Riis eOxyL 

Therapeutic compounds furttier include any one or more pyridoxal 
phosphonate analogues represented by the formula X: 



— OR^ 




R4 »6 OR7 



(30 



in which 

Ri is hydrogen or alkyl; 
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R2 is-CHO, -CH2OEL, -CH3 qt-CQtRs iniTiiiichlU is hydrogeo, aSkyU or 
ar^; or 

R2 is *-CH2*0-alkyl- in which alkyl is covalently bonded to the oxygen at the 
3-position instead of Ri ; 
5 R3 is hydrogen and R4 is hydroxy, halo, alkoxy or alkanoyloxy; or 

Rd and R4 can be taken together to form K); 
R5 and Rtf are hydrogen; or 
R5 and R6 are halo; 

R7 is hydrogen, alkjd, aryl, aralk^ or-CQzRs in\s4iichR« is 
10 hydrogen, alky!, aryl, or aralkyl; 

or a pharmaceutically acceptable salt thereof 

The tmns "alkjl," "alkoxy," "alkanojdoxy," "halo," "aryl," and "aralkyl" are 
as defined above for formula VL 

Examples of compomids of formula DC include those where Ri is hydrogen, 

15. or those where R2 is -CH2OH, or -CH2-0-alkyl- in which alk3d is covalently bonded 
to the oxygen at the 3-position instead of Ri, or those where R3 and R4 taken 
together form =0, or those where R5 and are F, or those where R? is alkyL 
Additional examples of compounds of formula XX. include those ^ere R4is OH or 
CH3C(0)0-, those where R7 is ^yL 

20 Fharmaceutically acceptable salts of the oomqpounds of formulas I, n, ID, IV, 

V, VI, Vn, IX, or X include acid addition salts derived fiom nontoxic inorganic 
adds such as hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydriodic, 
hydrofluoric, phosphorus, and the like, as well as the salts derived fiom nontoxic 
organic acids, such as aliphatic mono- and dicaifooxylic adds, phenyl-substituted 

25 alkanoic adds, hydroxy alkanoic acids, alkanedioic acids, aromatic acids, aliphatic 
and aromatic sulfonic adds, etc. Such salts thus include sulfate, pyrosulfate, 
bisulfate, sulfite, bisulfite, nitrate, phosphate, monohydrogeiq>hosphate, 
dihydiogenphosphate, metaphosphate, pyrophosphate, chloride, bromide, iodide, 
acetate, trifluoroacetate, propionate, caprylate, isobutyrate, oxalate, malonate, 

30 sucdnate, suberate, sebacate, finnarate, maleate, mandelate, benzoate, 

chlorobenzoate, methylbenzoate, dinitroben2x>i^e, phtfaalate, benzenesulfonate, 
toluenesulfonate, phenylacetate, citrate, lactate, maleate, tartrate, methanesulfonate, 
andfhelike. Also conteinplated are salts of amnio acids such as argmate and the 
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like and gluconate, galactmonate, nrvas^yl glutamin^e, etc. (see, e.g.. Beige et aL, J: 
Pharmaceutical Science^ 66: 1-19 (1977)). 

The salts of the basic- conqwunds are prepared by contacting the free base 
fomi vtifb. a sufiBcient amount of a desired add to produce flie salt in tbe 
5 conventional manner. The free base ibnn can be regenerated by contacting the salt 
form -with a base and isolating tiie free base in the conventional manner. The free 
base forms differ from their respective salt forms somewhat in certain physical 
properties such as solubility in polar solv^ts, but olherwise the salts axe equival^t 
to their respective free base for purposes of the present invention. 
1 0 Phannaceutically accepted salts of the con^unds of formulas VIH and 

X include metals such as alkali and alkalmie eartii metals. Bxanqiles of metals used 
as cations are sodium, potassium, magnesium, calchmi, and the like. Also included 
are heavy metal salte such as fijr exanq)le silver, zinc, cobalt, and cerium 



15 Syntheses 

To prepare a compound of formula Vm, 3,4-isopropylidenepyridoxine-5-al 
can be treated with a phosphonating agent, such as, a metal salt of di-tert-butyl 
.phosphite or dibenzyl phosphite or diphenyl phosphite, to give protected alpha- 
hydroxyphosphonates. The protected alpha-hydroxyphosphonates can be tr^ed 

20 with an acylating agent in an aprotic solvent, such as acetic anhydride in pyridine, or 
with an alkylating agent, such as methyl iodide and sodium hydride in 
tetrahydrofuran (THF), to give a^ha-alkylcarbonyloxy or alpha- 
alkyloxyphoq>honates esters resfpectively. 

Alternatively the protected alpha-hydroxyphosfphonates can be treated witii 

25 an agent to convot tiie hydrox>4 group to a halogen, such as conversion to a fluoio 
group wifli DAST (diethylaminosuliurtiifluoride), to prepare the alpha- 
halophosphonate esters. The isopropylidene protecting group is removed from tiie 
fully protected alpha-substituted phosphonates by reacting them with water and an 
acid, such as 20% water m acetic acid, to prepare tiie pyridoxme-alpha-substituted 

30 phosphonate esters. The ester groups can be removed from the phosphonate groups 
of the pyridoxine-alpha-substituted phosphonate esters by further treating tiiem with 
acid in water, such as 20% water in acetic acid, to give the corresponding 
phosphonic acids as can be seen in tiie following scheme. 
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H,C 




H,C 



CHO 



MP(0)(OR,)j 
M-Na.U 
R, ovlk;^ or or^ 




3,4-l8opniii^idenq^doxine-5-al A^iha^iydrcHcypliosphoiiale esters \ 

„ f, ^cylation ILC ^ 

"aS ^ orAOgrlatioii 



Alpha-alk^oxy or acyioxypbosphonate esters 
alkoxy or alkylcarbonyloxy 



Watw 
Add 





Aiphahalophosidioiiate esters 
X**]ialogeD 



y Water 
A Acid 

R2 ~ hydroxy, balogen, 
R| hydrogen, alkyl or 



alkoxy or aBcylcaiboiiyloxy 
hydri 
aiyl 



Pyridoxme-«Ipha-sub8tituted phosphonate. esters and adds 



Alternatively, to prepare a con^md of formula 1, 3,4- 
isopropyUdeiiepyndoxine-S-halide can be treated with a phosphonating agent, such 
5 as, a metal salt of di-tert-but^ phosphite or dibenzyl phosphite or diphenyl 

phosphite, to' give protected phosphonates. The protected phosphonates are treated 
witii a base, such as sodium hexamethyldisilazane (NaHMDS), and a halogenating 
agent, such as N-fhiprobenzenesulfoiiimide (NFSi), to provide the 
dihalophosphonates as can be seen in the following scheme. 

10 



16 



WO 2004/084910 



PCT/IB2004/000910 



H3C 




cE^a 



MP(0)(OR,), 

M = Na,Li 

R, «alkyl or ai>1 H3C 




3,4-Isopn>iyyli(teifipyridQxme-5- 
chloride 



l)Bas6 
2) Halogenadon 




Dibalophosphonate esteiB 
X^halogen 

Altonatryely, to prepare a compotmd of formula vm, 3,4- 
isoptop3didenepyridoxme-5-al can be treated with an amine, such as p- 
inethoxyaniline or p-aminobiphenyl, and a phosphonating agent, such as, a metal 
salt of di-tert-butyl phosphite, dibenzyl phosphite or diphenyl phosphite, to give 
protected aminopho^honates as can be seen in the following scheme. 



10 



H3C 




1) amine 



CHO 



H,C 



2)MP(OXOR,), 
M=Na,Li 

Rj^^Bllgdoraiyl U^C 



3,4-l8opropylideaep)f]idoxine-S-al 



Aminopliosplioaates 
Rl =aOiylaratyl 
Rj-N-alkylorN-aiyl 



- To ptepm a compound of formula DC, 3,4-isopropyIiclenepyridoxine-5- 
amine fcan be used as a starting material. The amine is treated with a 
haloalkylphosphonate diester, such as diethyl bromomethylphosphonate, to give 5'- 
phosphonoazaalkyipyridine diesters. Reaction of the 3,4-isopropylidene-5'- 
phosphonoazaalkylpyridoxine diesters with a trialkylsilyl halide, such as 
trimethylsilyl bromide, in an orotic solvent, such as acetonittile, removes the ester 
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groups of the phosphonate diester to provide the corresponding free 3,4- 
isopiopylidene-5'-phosphonoazaa]k}4pyridoxine diadd The acetonide protecting 
group on the 3 and 4 position of the pyridoxine ring on the 3»4-isopropyIidene-5'- 
phosphonoazaalkylpyridoxine diacid can be removed by reaction with acid and 
5 water, such as 20% water in acetic add as can be seen in the following scheme. 




3,4-Isoiiiopylideiie S^Phosphoiioazaalkylpyiidoxiiie diacid 

S^hosphonoazaaUQipyiidoxiiie diacid 



To prepare a conq)oimd of formula X, 3,4-isopropylidenepyridoxine-5-al can 
be reacted with a metal salt of a mdbyU or dihalomettiyl, phosphonate diester to 

10 produce S'-phosphonoalkylpyridoxine diesters. The S'-hydroxyl group of this 
product is acylated by an acylating agent, such as acetic anhydride in pyridine, to 
provide the corresponding O-acyl derivatives respectively, or oxidized to the keto 
functional group by an oxidizing agent, such as manganese dioxide. The blocking 
group at the 3 and 4 positions and the phosphonate ester groups of the hydroxy, 

15 alkylcarbon}doxy and keto phosphonate diesters are hydrolyzed by reaction with 
acid and water, such as 20% water in acetic acid, to provide the corresponding 
phosphonate diesters, without the blocking group at the 3 and 4 position. These 
reactions are illustrated in the following scheme. 
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H,C 




H,C 



M<3y>(0)(0R,)j 



CHO M-Li 

X-Hwhalo 



3,4-t8oiiropyiideiiq»yridi»dne-5-8l 
H,C 




5*-PhosphonoaIk>^yridoxme diester 
Ri^alkyl 

X » hydrogen or halo 



Acylation 
or oxidation 



Water 
Acid 




Alkylcarbon^ioxy or keto phosi^onate diesters 
Ri = a%l 

R2 « OCO-aikyl, X « H; or 
Ra««0,X«haIo 



Hydroxy, aOoicatbonyloxy or keto phoaphonates 
R^=alkyi 

Ri = OH, O-CO-alkjd, X = H; or 
» OH, or <=0, X ^ halo 
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Pharmaceutical Com positioii Saitable for Use with Methods of the Inventinn 

A ther^eutic compound as defined above can be formulated into a 

phamiaceutical composition for use in methods of the invention* A phamiaceutical 
composition is suitable for treating angina. 

A pharmaceutical composition comprises a phannaceutically acceptable 
carrier and at least one therapeutic con^und of formula I, n, m, IV, V, VI, VII, DC, 
or X or a phannaceutically accq)table salt thereof. A phannaceutically acceptable 
earner includes, but is not limited to, physiological saline, ringers, phosphate- 
buffered saline, and other cairieis known in tiie art Pharmaceutical con^sitions 
can also mclude additives, for exai^ple, stabilizers, antioxidants, colorants, 
excipients, bmders, thickeners, dispersmg agents, readsoipotion enhancers, buffers, 
surfectants, preservatives, emulsifiers, isotonizing agents, and diluents. 
Phannaceutically acceptable carriers and additives can be chosen such that side 
effects &om the pharmaceutical compound are minimized and the performance of 
the compound is not canceled or mhibited to such an extent that treatment is 
ineffective* 
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Methods of preparing phannaceutical cQiiq)ositioiis containing a 
phannaceutically acceptable earner and at least one then^eutic compoimd of 
fbnniila I« IV, V» VI, VII, IX, or X or a phannaceutically acceptable salt 
thereof are known to those of skill in the art 
5 All methods can include the step of bringing the compound of the invaition 

in association with the carrier and additives. The formulations generally are 
prepared by uniformly and intimately bringing the con:q>ound of the invention into 
association with a liquid carri^ or a finely divided solid carrier or both, and thra, if 
necessary, shaping the product into the desired unit dosage foim 

10 Generally, a solution of a ther^eutic conq^ound, for example PLP, may be 

prepared by mmpfy mixing PLP vnOi a phamiaceutically acceptable solution, for 
exanqple, buffered aqueous saline solution at a neutral or alkaline pH (because PLP 
is essentially insoluble in water, alcohol, and ether), at a tenq>erature of at least room 
temperature and under sterile conditions. In one embodiment, the PLP solution is 

15 prepared immediately prior to administration to the mammal. However, if the PLP 
solution is prq>ared at a time more than immediately prior to the admii^stration to 
the mamnial, &e prepared solution can be stored under st^le, refiigei^ . 
conditions. Furthermore, because PLP is light sensitive, the PLP solution can be 
stored in containers suitable for protecting the PLP solution fiom the light, such as 

20 amber-colored vials or bottles. 

A phamiaceutical conqK>sition or fbsmpeatic compoimd can be administered 
enterallyorpaienterally. Parenteral administration includes subcutaneous, 
mtramuscular, intrademial, intramammary, intravenous, and other administrative 
methods known in die art. Enteral administration includes solution, tablets^ 

25 sustained release cq>sules, CTteric coated cq^sules, and syrups. Compounds and 

compositions of the invention can also be administered nasally, sub-linguaUy, and in 
suppository fi>rm. When administered, the pharmaceutical composition or 
therapeutic compound should be at or near body temperature. 



30 Mefliods of Treatment 

A physician of ordinaiy skill can readily deteimine a subject who may be 
suffering or is likely to suffer fix>m angma. Regardless of the route of administration 
selected, the therapeutic conqiounds of formula I, n, m, IV, V, VI, VH, EX, or X or 

20 



wo 2004/084910 



PCT/IB2004/000910 



a phannaceutically acceptable salt thereof can be foimulated into phaimaceutically 
acceptable unit dosage fonns by conventional methods known to the pharmaceutical 
art An effective but nontoxic quantity of the conq>ound can be employed in 
treatment. 

5 The therapeutic compound of formula I, II, m, IV, V, VI, VII, IX, or X or a 

phannaceutically acceptable salt thereof can be administered in enteral imit dosage 
forms, such as, for example, tablets, sxistained-release tablets, enteric coated tablets, 
c^sules, sustained-release C£q)sules, enteric coated capsules, pills, powders, 
granules, solutions, and the lifce. They ican also be administered parenterally, such 
10 as, for exanq>le, subcutaneously, intramuscularly, intradermally, intramammarally, 
intravenously, and olh^adininistrativemeUiods]^^ They can further 

be administered nasally, sub-lingually, or in suppository form. 

Alfliou^ it is possible few: a tfaarq>eutic confound of formula I, I]^ m, IV, 
V, V^ Vn, DC, or X or a phannaceutically acceptable salt thereof as desmbed above 
15 to be administered alone in a unit dosage form, preferably the compound is 
adminis tered in admixture as a pharmaceutical compositioiL 

The ordinarily skilled physician will readily det^mine and prescribe a 
therapeutically effective amount of at least one therapeutic compotmd of formula I, 
n, m, IV, V, VI, vn, IX; or X or a phannaceutically accq)table salt thereof to treat 
20 angina. In so proceeding, the physician could employ relatively low dosages at first, 
subsequently increasing the dose until a maximimi response is obtained. Typically, 
the particular type of angina. Hit severity of flie symptoms, or the firequency of the 
attacks, the confound to be administered, the route of administration, and the 
characteristics of the mammal to be treated, for exanq)le, age, sex, and weight, can 
25 be considered in detennming tile effective iEunou^^ 

embodiment of the invention, a therapeutic amount is in a range of about 0. 1-100 
mg/kg of a patienf s body weight, in another embodiment, in the range of about 0.5- 
50 mg/kg of a patient's body wei^t, per daily dose. The compound can be 
administered for periods of short or long duration. Although some individual 
30 situations can warrant to the contrary, short-term administration, for example, 30 

days or Jess, of doses larger than 25 mg/kg of a patient's body weight is chosen when 
compared to long-term admmistration. When long-term administration, for 
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exan^le, monflis oryean, is utilized. Hie suggested dose generally should not 
exceed 25 mg/kg of a patienf s body weigjit 

A theFE9)ei]tically effective amount of a tfaerq>eutic conq>ound of fonnula I, 
n, in, IV, V, VI, Vn, IX, or X or a phannaceutically acceptable salt thereof for 
5 treating angina can be administered prior to, concurrently with, or after the onset of 
an angina attack. 

A therapeutic conqx)und of the invention can be administered concurrently 
with or subsequent to compounds that are already known to be suitable for treating 
angina. ConcurrCTt administration'' and ^concurrency administer 

10 includes administmng a ther^eutic conqK>und and a known flierapy in admixture 
such as, for exanq>le, in a pharmaceutical composition or in solution, or as sq>arate 
components, such as, for example, separate pharmaceutical ccmqK>sitions or 
solutions administered consecutively, simultaneously, or at different times but not so 
distant in time such that the 1herq>eutic conqK>und and the known tiierapy cannot 

IS interact and a lower dosage amount of the active ingredient cannot be administered. 
This iQvention will.be fiirttier characterized by the following examples. 
Hiese examples are not meant to limit tiie scope of the invention, which has been 
fully set forth in fhe foregoing description. Variations within the scope of the 
invention will be ^>parent to those skilled in fho art 

20 

EXAMPLES 

All reagents used in the following Examples can be purchased fiom Aldrich 
ChCTiical Company (Nfilwaukee, WI or Allentown, PA). 

Example 1: Synthesis of di>t-butvl fa^3-0-isopropvlidene-3-hvdroxV'4- 
25 hvdroxvmethvl-2-methvl-5*pviidvtthvdn3Xvmethvlphosphoi^ 

Di-tert-butyl phosphite (16.3 g, 84 mmol) was added to a solution of NaH 
(3.49 g, 60%, 87.2 mmol) m THF (60 mL) under nitrogen at 0°C. The temperature 
of the resulting solution was raised to room temperature and the solution stirred for 
30 15 min, ibsn cooled to O^C again. To this solution, (a'^,3~0-isopropylid6ne-3" 
hydroxy*4-hydroxymethyl-2-methyl-5-pyridyl)methanal (Kortyok et aL^ J, Org. 
Chem., 29, 574-579 (1964)) (11.41 g, 55.05 mmol) in THF (30 mL) was slowly 
added tiien the temperature raised to room temperature again and stirring continued 
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fiir 2 h. Hie reaction was quenched by addmg satuiated NaHOQs (40 ml), and 
diluted with diethyl ether (200 mL). The eiha layer was separated, washed with 
saturated aqueous NaHCOa (40 ml, 5%), then saturated brine (3 x 20 mL), The 
ether layer was dried (MgS04), filtered and evirated to give cmde product as a 

5 colorless solid This solid was washed with hexane to remove the oil ( fiom the 
NaH) and unreacted phosphite. The solid was recrystallized from a mixture of 
diethyl eflier : hexane : ethyl acetate (230 mL : 70 mL : 15 mL). The colorless 
crystal (17.9 g, 81%) were filtered and washed with hexane. 
*H NMR (CDQa): 1.42 (9H, d), L46 (9H, d), 1.51 (6H, d), 2.38 (3H, s), 4.70 (IH, 

0 d), 4.89-5.13 (2H^ m), 8.1 1 (IH, s). 

^^P NMR (HKleooupled, CDCh): 13.43 (s). 

This structure can be represented by formula: 



^O-t-butyl 
^Ot-birtyi 



Example 2: Synthesis of dibenzvl (a'*.3-0«isoprQPvlidene-3-hvdroxv-4- 
hvdroxvmethvi-2-methvl-5-pvridvnhvdroxvmethvlphosph^ 

Dibenzjd phosphite (1 .89 g, 9.62 mmol) was mixed wiOx the (a^3-0- 
isopn>pyUdene-3-hydroxy<4-hydroxymefliyl-2-methyl-5«pyridyl)met^ (Kortynk 
et al, L Org. Chem., 29, 574-579 (1964)) (l.OOg, 4.81mmol) and stirred at room 
t^nperature for an hour. To this thick synq) was added activated basic alumina (Ig). 
The reaction mixture was then stirred at 80^C for one hour. The reaction mixture 
was diluted with dichloromethane (50 mL), and filtered through Celite to remove 
alumina. The dichloromethane solution was washed with saturated, aqueous 
NaHCOj (20 mL), then saturated brine (3x10 mL). The dichloromethane layer was 
dried (MgS04)» filtered and evaporated to give cmde product as a colorless soUd. 
The crude product was pinified by silica gel column chroinatogn^hy, using eflier: 
hexanes (1:2) as eluent to give 1.3 g (58%). 
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NMR (CDCOa): 1-30 (3H. s), 1.45 (3H, s), 2.30 (3H, s), 4.86-4.99 (7H, s), 7.18- 
8.07 (lOH, 8), 8.08(11^8). 

This structure can be represented by fonnula: 




Ry am ple 3: Svnthesis of f3*hvdrDXV-4-hvdroxvmethvl-2"metfavi'5> 
pvridvi^hvdioxvmethvl phosphonic Acid 

10 The product of Exanq>le 1 above, of fonnula V, (10 g, 24.9 mmol) was 

dissolved in acetic acid (80% in water, 100 ml) and heated at 60^C for 1 d. 
Colorless precipitate was formed, however, the reaction was not complete. Another 
SO ml of 80% acetic acid in water was added to die mixture and the mixture stirred 
at 60^C for another, day. The solid was filtered of^ washed with cold watery then 
1 5 methanol and dried to give a colorless solid (4.78 g, 77%). 

NMR (D2O): 2.47 (3H, s), 4,75-4.79 (2H, m), 5.15-5.19 (IH, d), 7.82 (IH, s). 
NMR (H-decoupled D2O): 14.87 (s). 

This structure can be represented by formula: 

)H 

HO^ ^As^ ^OH 




20 

Example 4: Synthesis of dib^izvl fa^.3-0-isopropvlidene-3-hvdroxv-4> 
hvdroxvmetfavi>2>methvl-5>pviidvl^flnoromethvlphosphonate 

The protected alpha-hydroxy phoq)hozmte fiom Example 2 above of 
25 structure VI (1 .0 g, 2.49 mmol) was dissolved in dichlorometfaane (10 mL), and die 
solution cooled to -78^C. To tins solution was added diethylaminosulfurtrifluoride 
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(PAST) (0.8 g, 4.98 mmoQ. The xeaction was stined at -78''C under mtrogen for 20 
minutes flien allowed to stand at room tenq>er8tuie overnight. The reaction mixture 
was diluted with dichloromethane (50 ml), and washed with saturated, aqueous 
NaHCOa (125 mL). The dichloromethane layer was dried (MgS04), filtered and 
5 ev^orated to give crude fluorophosphonate as a yellow solid. The crude product 
was purified by silica gel column chramatogr^hy, using efliyl acetate: hexanes (2:1) 
as the eluent to give 600 mg (60%). 

'H NMR (CDCli): 1.42 (3H, s), 1.52 (3H. s), 2.40 (3H. s), 4.91-4.97 (6H, m). 5.46- 
5.61 (IH. dd), 7.23- 7.34 (lOH, m), 8.01 (IH, s). 
10 3*P NMR (H-decoupled, F-coupled, CDCh): 16.36-16.08 (d). 

This structure can be rqnesented by fimnula: 

H,c 




^5 Example 5: Synthesis of di-t-butv! fnt''j-0-isoDropvlidene-3-hvdroxv-4- 

hvdroxvmettlvl-2-methvl-5-pvri dvl>fluoromethvlphosp hnnafft 

The protected a4)ha-hydroxy phosphonate fix>m.Exanq}le 1 of structure V (3 
g, 7.55 mmbl) was dissolved in dichloromethane (30 mL), and the solution cooled to 

20 -78'*C. To this solution was added diediylaminosulfiirtrifluoride (DAST) (1 .22 g, 
7.57 mmol). The reaction was stirred at -78''C under nitrogen for 5 minutes, 
quenched by addition of saturated, aqueous NaHCOa (2 mL) tben allowed to wann 
room temperature. The reaction mixture was diluted with dichloromethane (50 ml), 
and washed with saturated, aqueous NaHCOa (2 x 20 mL), The dichloromethane 

25 layer was dried (MgS04), filtered and evaporated to give crude fluorophosphonate. 
The crude product was purified by silica gel column chromatogri^hy, using ethyl 
acetate: hexanes (1:1) as the eluent to give 350 mg (12%). 

»HNMR(CDCa3): 1.44(9H.s), 1.46(9H,8), l,52(3H,s), 1.56 (3H,s), 2.41 (3H,s), 
4.98-5.14 (2H,m), 5.32-5.52 (IH, dd), 8.03 (IH, s). 

25 
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NMR CH-decoiq>Ied, F-coupled, CDCb): 6.53, 7.24. 
^^P NMR C9-<iecoiq>led, CDda): -202.6, -203.0 

This strocture canberqiresentedby fiumula: 



H,c 




5 



EYftm ple 6: Synthesis of di-t-but\1 (3-hvdroxv-4-hvdn)xvmetfa^-2-methvl-5- 

pvridvl>fliioitmiefli-<d phosohon^e 

10 The protected di-t-butjd alpha-fluoro phosphonate fiom Example 5 of structure DC 
{3J2 g 7.8 nunol) was dissolved in acetic acid (80% in water, 50 ml) and heated at 
60*C for 24 hours. The pale yellow solid was filtered of^ washed with cold water 
and methanol, and 1h^ dried to give a creamy solid (2.21 g, 70%). 



*H NMR (CDQa): 1.41 (9H, s), 1.44 (9H, s), 1.49 (3H, s), 1.51 (3H, s), 2.42 (3H, s). 



The protected di-t-butyl alpha-fluoro phosphonate from Example 5 of structure DC 
(200 mg, 0.5 mmol) was dissolved in acetic acid (80% in water, 15 ml) and heated at 
75°C for 24 hours. The solvent was removed by evaporatton on a rotary eviq>orator 



15 4.99-5.07 (2H, m), 533-5.51 (IH, d,d), 8.04 (IH, s). 

NMR (H-decoupled, FrCoupled, CDQa): 7.10-7.80 (d). 
^'F NMR (H. P-Coiq)led, CDOa): -203.07 to -202.61 (dd). 
This structure can be represented by formula: 



HjC 




TRvflmple 7: Svntfaesis of (3-hvdroxy-4-hvdroxvmethvl-2-methvl-5- 
pvridid^uoromeflivl phosphonic acid 
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using toluene to codistill the water. The crude product (183 mg) was purified by 
column cbipmatogrq)hy on silica using dd<nx)fi)rDmneUianoI:wata (65:35:2) as 
eluent to give 60 mg (55%). 

*HNMR (D2O): 2.46 (3H. bs). 4.65-4.90 (2H, dd). 5.81-6.01 (IH. dd), 7.74 (IH, 
5 bs). 

NMR (H-decoupled, F-Coupled, CDCI3): 9,3 (d). 
'*F NMR (H, P-Coupled, CDCI3): -197 to -196 (dd). 
This structure can be represented by formula: ' 




Example 8: Synthesis of di -t-but^d fcLl3-0-is6prop vli deae-3-hvdroyy-4- 
bYdroxYmetfaYl-2-metfavi-S-pvridvi1acetox vmethvlp lio«phn«at^ 

15 The product of Example 1 above, of formula V (1 .0 g, 2.49 mmol) was 

dissolved in dichloromethane (20 mL), the solution cooled to -5°C, and pyridine (2 
mL) added, followed by acetic anhydride (ImL). The reaction temperature was 
slowly allowed to reach room tenqjerature. After one hour, the reaction was 
quenched by adding dilute aqueous hydrochloric acid (10%, 75 mL), and then 

20 diluted with dichloromethane (25 mL). After separation of the aqueous layer the 
methylene chloride layer washed with saturated NaHCOs (2 x 20 mL). The 
dichloromethane layer was dried (MgS04), filtered and evaporated to give crude 
a^ha acetoxy pho^honate as a colorless solid. The aiide product was purified by 
silica gel column chromatography, using ethyl acetate: hexanes (2:1) as the eluent to 

25 give the product in good yield 

'HNMR(CDCl3): 1.31 (9H, d). 1.36 (9H, d), 1.49 (6H, d), 2.1 (3H s), 2.38 (3H, s), 
5.04 (2H, d), 5.72-5.76 (IH, d), 8.11 (IH, s). 
NMR (H-decoiq)led. CDCI3): 13.43 (s). 

30 
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This sUm ii Uir pcanbe represented by finmula: ■ 




>.0-t-bu|yi 



5 




The product of Example 1 above, of formula V (300 mg, 0.75 mmol) was 
dissolved in 1 Sml of THF and reaction vessel was purged witih N2 gas. Sodium 
hydride (21 mg, 0.9 mmol) was added, and Ihe solution stirred for 5 minutes before 

10 cooling to O^'C. Methyl iodide (160 mg, 1.1 mmol) was tiien injected and reaction 
vessd was gradually allowed to reach room tenq)eratttre. TLC (efUbyl acetate) 
indicated tiiat the reaction was conq)Iete in 3 hours. The solution was diluted with 
mediylene chloride (250 mL), washed witii dilute, aqueous HCL (10%, 100 mL), 
thai saturated, aqueous NaHCOa, dried (MgS04) and evq>orated. The crude product 

15 was chromatogrsqphed on silica gel using ettiyl acetate^exanes (1 : 1) as the eluent to 
give 132 mg (32%). 

»H NMR (CDCI3): 1.41 (18H, s), 1.51 (3H, s), 1.54 (3H, s), 2.40 (3H. s), 3.33 (3H, 
s), 4.20-4.26 (IH. d), 5.05 (2H. bs), 8.01 (IH, s). 
^'P NMR (H-decoi^led, CDCI3): 10.88 (s). 



20 



25 



This structure can be rq>resented by formula: 
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Examnle 10: Synth esis of (3-hvdroxv-4-hvdroxvmethvl-2-nieflivl-5- 
pvridvnace toxvmethvl phosphonic Anid 

3 

The product of Example 8 above, of fonnula XII, (50 mg, 0.11 mmol) was 
added to acetic acid (80% in water) and stirred for 24 hours at 60«*C. The solvent 
was rCTioved by evt^oration on a rotary evq)orator using toluene to codistill flie 
water. The crude product was purified by chromatography on silica gel colunm 
10 using CHaaz/MeOH/HjO (65:35:4) as eluent to give 22.8 mg (76%). 

»H NMR (P2O): 2.23 (3H, s), 2.51 (3H, s), 4.6 - 5.1 (2H. m), 6.1 (IH, d), 7.85 (IH, 
s). 

This structure can be represented by formula: 



15 




Example 11: Synthes is of f3-hvdroxv-4-favdroxvmeflivl-2-meflivl-S- 
pvridvDmethoxvmethvi phosohonic Acid 

20 The product of Example 9 above, of formula Xm (132 mg, 0.32 mmol) was 

dissolved in acetic acid (80% in water, 25mL) and stirred at 60*'C for 24 hours. The 
solvent was removed by evaporation on a rotary evqjorator using toluene to codistill 
the water. The crude product was purified by chiomatogn^hy on silica gel column 
using CH2Cl2/Me0H/H2O (65:35^4) as eluent to give the product in good yield. 

25 'H NMR (D2O): 2.52 (3H, s). 3.32 (3H, s), 4.47-4.88 (2H, m). 7.87 (IH, s). 
NMR (H-decoupled, D2O): 13.31 (s) 
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This stmcture can be rq)reseated by finmula: 




Bvflmpl e 12: Synthesis of dibenz^d fd^>3-0-isopropvlidene-3*hvdroxv-4- 
5 hvdroxvmethvl->2>methyl->S-pvridvM^^ 

To a solution of dibeEizyl (a'^^-O-isopiopylidene-S-hydroxy^ 
bydroxymetbyl-2HDi6thyl-5-pyridyl)metfa (115 mg» 0^53 nunol) in 

TEIF (10 mL) was added NaHMDS (1 M, 0.56 mL, 0.56 nunol). The reaction 

10 mixture was cooled to-TS^'Q After 15 minutes, NFSi (237 mg, 0.75 nunol) was 
added to tiie reaction mixture. The tempeiature of the reaction mixture was slowly 
wamied to -20^C. Hie solution was diluted witii £t20» washed with saturated 
NaHCOa, water and brine, dried ^gS04) and evaporated. The crude product was 
cbromatogr^hed on silica using ethyl acetaterhexanes (2:1) as eluent to give the 

15 dibenzyi(a^3-0-isopropyUdCTie-3-hydroxy-4-hydroxymettiyi-2-mefhyl^^ 
pyridyl)difluorometfay]^hosphonat6 in good yields. 

NMR (CDCI3) 1.53 (s, 6H), 2.45 (d, 3H). 5.34 (d, 2H), 7.09-7.39 (m, 14H), 8.29 
(s,lH). 

^^P NMR (CDCI3) -2.15 (t). 
20 NMR (CaDCls) -105.7 (d). 

This stmcture can be represented by formula: 




25 
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Example 13: Svnthesiy of di>t>biitvira^3^igopropvKdene-3>^^ 

The (a\3-(>isopropylidene-3-hydroxy-4-hydroxy^ 
5 pyridyl)methanal (Kortynk et al, J. Org. Chem., 29, 574-579 (1964)) (424 mg, 2.19 
mmol) and 4-ammobipheayl (360 mg, 2.12 mmol) was refluxed in benzene (20 mL) 
under nitrogen, using a Dean-Staik trap to remove water, for 15 hours. The crude 
reaction mixture was evi^orated, dissolved in TEIF (20 mL) and added to a flask 
containing di-t-but)4 phosphite (955 mg, 5.12 mmol) in THP (20 mL) and NaH (270 
10 mg, 57% in oil, 6.41 nmiol) and stuxed at O^C for two hours. The solution was 

diluted wifli EtaO, washed with satmated, aqueous NaHGOs (40 mL), brine (20 mL), 
dried (MgS04) and evaporated. The cmde product was chiomatogrq)hed on silica 
gel using hexane:diethyl etiier (2:1) to give di-t-butyl (a*^-0-isopropylidene-3- 
hydroxy-4-hydroxymethyl-2-methyl-5-pyridyi)(4- 
15 biphenylamino)methylphosphonate in modest yields* 

NMR (0X33) 8.40 (IH, d, ), 7.50-7.41 (2H, m), 7.40-7.30 (4H, m), 7.28-7.10 
(IH, m), 6.54 ( IH, d), 5.24 (IH, dd, ), 5.07 (IH, dd,), 4.65 (IH, dd, ), 4.44 (IH, dd, 
), 2.40 (3H, d), 1.58 (3H, s), 1.49 (3H, s), 1.43 (9H, s), 1.41 (9H, s). 
NMR (H-decoupled, CDCI3): 13. 1 (s). 

20 

This structure can be represrated by formula: 




25 

Example 14: Synthesis of di-t-^butvl ral3-0-isopropvlidene-3-hvdroxy-4> 
hvdroxvmethvl-2«methvl-S-pvridvlV4^methoxYp beny1ftTnm 
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(a^3<<>-lB0prop)dideaae-3-hy4it>3^-^ 
pyiidyl>methanal (Kortynk et dl.^ J. Org. ChenL, 29, 574-579 (1964)) (2.5 g, 12. 1 
mmol) and 4-aiiimoamsole (1 .41 1 1 .4 inmol) was refluxed in benzene (100 mL) 
under nitiogeD, using a Dean-Staifc trap to remove water, fisr IS hours. The reaction 
5 mixture was evqrarated to give 3.02 g of crude imihe. The crude imine (370 mg, 
1.19 mmpl) was dissolved in THF (20 mL) and added to a flask containing di-t-butyl 
phosphite (955 mg, 5.1 mmol) in THF (20 mL) and NaH (208 mg, 57% in oil, 4.94 
mmol) and stirred at 0°C for two hours and at room tenq>erature for 24 hours. The 
solution was diluted with BtaO, washed wifli saturated, aqueous NaHCOa (40 mL), 
10 brine (40 mL), dried ^S^Oa) and evsq)orated. The crude product was 

cfanmiatogFq>hed on siUca gel using hexane:diediyl ether (2: 1) to give di-t-bu^ 
(a'^3-0-isoprop^dene-3-hydroxy-4-hydro:Qvnethyl-2-m^3d-5-pyridyI)(4- 
metiioxyphenylamino)metby^hosphonate in modest yields. 

*HNMR (Caxna) 8.09 (IH, d), 6.70-6.60 (2H, m), 6.47-6.36 (2H, m), 5.18 (IH, dd), 
15 4.98 (IH, dd), 4.36-4.20 (2H, m), 3.65 (3H, s), 2.35 (3H, s), 1.54 (3H, s), 1.45 (3H, 
s), 1 39 (9H, s), 1 .38 (9H, s). 
^'P NMR (decoiq>led, CDQa): 6 13.5 ppm. 



20 This structure can be represented by formula: 

..OMe 




I'^^O-t-tnityl 
O 



25 Ry am ple \5: Synthesis of di-t-butvl (a^.3-Q-isopropvlidene-3-hvdroxv-4- 

hvdroxvmethvl-2-meihvl-5-pvridvlV.3-azabutvtohosDhoiiate 

(a'*,3-C>-IsopropyUdene-3-hydn>xy-4-hydroxymethyl-2-me1hyl-5- 
p^yOmeih^dbromide (Imperalli «/a/, J. Org. Caiem.,^0, 1891-1894 (1995)) ( 
30 1.08 g. 4.0 nmiol) in anhydrous DMF (20 ml) was treated with sodium aade (260 
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mg, 4. 0 mmol) at room t6aq>eratiire. After one hour stirring at toom temperature, &e 
solution was extracted ^mth diediyl efher (5 x 20 mL). The combined extracts were 
washed with water (10 mL) , and brine (10 mL) and dried (MgS04). The solvent was 
eviq>orated and the crude product was purified by chromatography on silica gel 
S using ethyl edien hexanes (2:1) as eluent to give the azide as a colorless liquid 
(552mg, 60%). 

NMR (CDC13, TMS) 1.57 (s, 6H), 2.42 (s, 3H), 4.23 (s, 2H), 4.86 (s, 2H), 7.96 
(8,1H). 

The purified azide (100 mg, 0.4 mmol) was dissolved in 95% ethanol and 
10 hydrogenated at 1 atm in presence of Lindlar catalyst (50 mg) for one hour. The 
catalyst was removed by filtration (Celite), and the solvent removed to give the 
crade amine. Purification by chromatography on silica gel using dhChiMdOH 
(5:1) as eluent gave the product (80 mg, 82% ) IHNMR (00202) L53 (s, 6H), 2.34 
(s, 3H), 3.72 (s. 2H), 4.91 (s, 2H), 5.31 (s, 2H), 7.93 (s, IH). 

15 

The (a^3-0-IsopropyKdene-3-hydroxy-4-hydipxymethyl-2-meth>1-5- 
pyridyl)mefhylamine» &om above, (416 mg, 2 mmol) was heated in saturated, 
aqueous sodium bicarbonate solution (10 mL) to 95^C, foUowed by slow addition of 
diethyl 2-bromoethylphosphonat6 (0.09 mL, 0.5mmol) and the reaction stirred at 
20 95**C overnight. The solution is evaporated using toluene to codistill the water. The 
crude product is triturated with ethyl acetate to dissolve the crude organic product 
Chromatogr^hy on silica gel using methylene chloridemiethanokhexanes (5:1:5) 
gave 76 mg (41%). 

^Hmnr {CDCh, TMS) 1.27 (t, 6H), 1.51 (s, 6H), 1.91 (t. 2H), 2.35 (s, 3H), 2.85 (t, 
25 2il), 3.62 (s,2H), 4,03 (m,4H), 4.91 (s,2H), 7.88 (s,l^^ 
^'P NMR (H-decoupled, CDCI3): 31.00 (s). 
This structure can be represented by formula: 
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Example 16: Synthesis of (a^3-(%is<wropvKdene-3>hvdroxV'4-hvdrDXvm 
meihvl-5-pyridvlV3-azabutviphosphomc acid 

5 

The product of Example 15» of fomiula XIX (280 mg, 0.75 mmoQ was 
stirred in a mixture of acetonitile (6 mL) and trimethylsilylbromide (TNfSBr) (574 
mg, 3.75 mmol) ovemi^t at room temp^ature. The solvent was evq>orated and the 
crude product was purified by cbromatogr^hy on silica gel using 
10 dichloromethaneonethanolrwater (65:35:6) giving 188 mg (91%). 

NMR (D2O) 1,65 (s, 6H), 2.02 (m^H), 2.42 (s,3H), 3.40 (m, 2H), 4JZ4 (s, 2H), 
5.12(s,2H),8.11(8, IH). 
^^P NMR (H-decoi^led, P2O): 18.90 (s). 
This structure can be represented by formula: 



15 




Ry am ple 17: Svnthesis of f3-hvdro3cv-4-hvdroxvmethvl-2-methvl-5>pvridvlV3- 

azabutvlphosphonic acid 

20 The product of Exanq>le 16, of formula XX (168 mg, 0.53 mmol) was 

dissolved in acetic acid (80% in water, 10 mL) and heated to 60^C for 5 hours. The 
solvent was removed by evaporation usuig toluene to codistill the water. The oude 
product was purified by chromatogrq)hy on CMS revose phase silica gel using 
melfaanol:wat6r (4: 1) as eluent to give 57 mg (39%). 

25 NMR (D2O) 2.05 (m, 2H), 2.52 (s, 3H), 3.38 (m, 2H), 4.42 (s, 2H), 4.96 (s, 2H), 
7.87(s, IH). 

^^P NMR (H-decoupled, D2O): 18.90 (s). 
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3 

Exmnple 18: Synthesis of diethyl ral3-0-i«op ^pyii dene-^-hY Hmvy.^ 
]iYdrpxvmeaiW-2-rnethv1-5-pvridvlV2-hv d roxvethv1p hr.«pi,»^ofo 

To a solution of diethyl method phosphite (0.29 mL, 2 mmol) in THF (20niL) 
10 wasaddedBuLi(2.5Minhexane,0.88mL,2.2nimoI),foUowedby (a^3-0- 

isopropyUdene-3-hydroxy^hydroxymethyl.2.methyl-5-pyridyl)methan^ (Kortynk 
et a/.. J. Org. Chem., 29. 574-579 (1964)) (414 mg. 2 nunol) and the reaction 
mixture stirred at -78»C for two hours. The solution was evaporated, dissolved in 
dichloromethane (50 mL), washed with saturated, aqueous NaHCCb, dried (MgS04), 
evaporated and purified by chromatography on siUca gel usmg ethyl acetateAexane ' 
(1:2) as eluent to give 625 mg (87%). 

»H NMR(CDCl3, IMS) 1.33 (m, 6H). 1.54 (s, 60), 2.20 (m. 2H), 2.38 (s, 31^. 4.12 
(m, 4H), 4.94 (s, 2H), 4.94 (s, 2H), 5.04 (t, IH), 8.02 (s, IH). 
NMR (H-decoupled, CDCI3}: 29.03 (s). 

20 This structure can be represoited by formula: 

H,c 



15 



25 




Example 19; Synthesis of diethvUal3-0-i«np tw pvKdene-3-hY Hrn^v-A. 
hYdroxvmethv1-?,-methvl-5.pvriHv1>-? acetovv^hY V''»,pi,l^,.^' 

The product of Example 18, of structure XXH (300 mg, 0.84 mmol) was acetylated 
mpyridine (0.5 mL) and acetic anhydride (0.25 mL) at O'C for 5 minutes followed 
by 3 hours at room temperature, the solvent was removed by ev^oiation using 
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tolume to ccNlistill fhe solvents and the oude product was dissolved in 
dichloromethane (10 mL). This was washed with dilute HCl (10%, 5 mL), then 
saturated, aqueous NaHCQa. dried (MgS04) and ev^orated Chromatography on 
silica gel using ethyl acetaterhexane (1 :1) gave 258 mg (71%). 
5 NMR(CDa3, TMS) 1.21 (m, 6H), .1.54 (s, 6H), 2.03 (8,3H), 3,97 (m , 4H), 5.07 
(dd, 2H), 5.83 (dd, IH), 8.02 (s, IH). 
^^P NMR (H^ecoupled, OXJla): 25.01 (s)^ 
This stnicturo can be represented by fonnula: 




Example 20: Synthesis of diethyl fa^3«>0-isoprop^deae-3-hvdroxv-4- 
hvdroxymethvl-2-'methvl«5>pyridvlV2-hydroxv-l , 1 -Hifliinroethyiphosphonate 

15 To a solution of lithiumdiisopropylamide (LDA) (2.0 M, 1 ml^ 2 mmol) in 

THF (5 mL) was added Buli (0.5 M, 0.2 mL, O.lmmol). The mixture was cooled to 
-40^C followed by the addition of dieth>4 difluoromethyl phosphonate (0.32 mL, 2 
mmol) and die reaction mixture stirred at this temperature for 30 ni^ The 
solution was cooled to -78®C and (a'*3-0-Is<qm)p)dide(ne-3-hydroxy-4- 

20 hydroxymelhyl-2-methyl-5-pyridyl)mettianal (Kortynk et al.^ J. Org. Chem., 29, 

574-579 (1964)) (414 mg, 2 mmol) added in THF (2 mL). The solution was allowed 
to come to room temporaturo and stirred overnight. The solvent was evaporated, die 
residue dissolved in dichlorometliane (20 mL), washed with saturated, aqueous 
NaHCOa, dried (MgS04), and evaporated. Purification by chromatography on silica 

25 gel using ethyl acetate:hexane (2:1) gave 528 mg (67%) 

*H NMR (CDaa, TMS) 1.35 (t, 3H), 1.38 (t, 3H), 1.52 (s, 3H), 1.55 (s, 3H), 2.39 
(s,3H), 4.29 (m, 4H), 4.96 (dd , 3H), 8.09 (s, IH). 
NMR (CDCk) -125.99 (ddd), -114.55 (ddd). 
NMR (H-decoupled, CDCI3): 7.22 (dcO. 
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20 



25 



This structure can be represented by fiimnila: 




Example 21: Synthesis n f diethyl fal3-0-isoDropvUdene-3-hY HmYY-^ 
^ hYdroxYmelh\4-2-mgflivi-5-nvridylV2-oxo-1.t - diihiomirfhvfp iincph^T.o 

The product of Example 20. of slructure XXIV, (420 mg, 1.06 mmol) was 
dissolvedmtoluene(50mL)andMhO2(651mg,636mmol)added. lliemixture 
was heated to SO'C and stined ovenrighL The solution was cooled, filtered (CeKte) 
10 and flie solvent evirated to give the crude product Purification by 
cfaromatogrq>hy on silica gel eOxyl acetate (1:2) gave 201 mg (48%). 

•Hnnir(CDCl3,TMS) 1.39 (q.6H), 1.56 (d,6H). 2.51 (s,3H), 4.34(m,4H), 5.08 
(s, 2H), 8.88 (s, IH). 

'^NMR (CDCI3) -109.86 (d). 

15 "PNMR(H-decoupled,CDa3):3.96(t)- 

This structure can be r^resented by formula: 




Example 22: Synthesis of dieflivl r3-h vdroxv-4-hvHmxvmethyl-2-niftthY'-^- 
PvridvlV2-hvdroxy-l.l-d ifluoroethvlphosDhonate 

The product of Example 20, of structure XXIV (489 mg, 1.26 mmol) was 
dissolved in acetic acid (80% in water, 20 mL) and heated at 80«>C for 6 hours. The 
solvent was removed by evaporation by codistilling with toluene to remove last 
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traces of acetic acid. The oiide product -Was purified by chromatogrqiby on silica 
gel using dichlcnomethaneanefhanolrhexane (5:1:5) as eluent to give 171 mg (38%). 

NMR (CD3OD) 1.32 (t, 3H), 137 (t, 3H), 2.43 (s.3H), 4.30 (m , 4H), 4.93 (dd, 
2H), 5.39 (m, 2H), 8.07 (s, IH). 
5 NMR (CD3OD) -125.55 (dd), -1 15.77 (dd). 

NMR (H-decoiq)led, MeOD): 7.82 (dd). 
This structure can be represented by formula: 




Example 23: Synthesis of dietfavl (3-hvdroxv-4-hvdioxvmefli\d-2-meflM-S- 
pvridvlV2-ovf>-1 1^ -Hifluoroetfavlphosphonate 

15 The product of Example 21, of structure XXV (198 mg, 0.51 mmol) was 

dissolved in acetic acid (80% in water, 20 mL) and heated at 8poC fat 6 hours. The 
solvent was removed by evqKHration by codistilling witii toluene to remove last 
traces of acetic acid. The cmde product was purified by chromatography on silica 
gel using dichloromethanennethanohhexane (5:1:5) as eluent to give 25 mg (14%). 

20 NMR (CDCI3, TMS) 1.38 (m, 6H), 2.37 (s,3H), 4.33 (m, 4H), 4.92 (s, IH), 
7.88 (s,lH). 
»»F(CDCl3) -118.32(d). 

NMR (H-decoupled, CDCI3): 5.90 (t). 
This structure can be rq)resented by formula: 
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B7^WTipl9?4; .Synthesis Of diethyl (al3-(%i<»Yp nn)vlideme.!^ ni eth^.3-h 
hydroxvmettivl-5-pyriHY^mflthviWiiimi|,l^ 

To a solution of dietfajd malonate (0.76 mL, 798 mg, 4.98 mmol) in 
5 tetrahydiofiinm (THF) (5 mL) was added LDA (5 M, 1 mL, 5.0 mmol) and stiired at 
0«C for 5 minutes, (a^3-0-isopropyliden©-3-hydroxy-4-hydroxymethyl-2-methyl-5- 
pyridyl)methylbromide (ImpetaUi et al, J. Org. Chem., 60, 1891-1894 (1995)) (1.36 
g, 5.0 mmol) in THF (5 mL) was added. The reaction was stined for 2 hours at O'C. 
The solvent was evaporated and the residue was dissolved in Bt^O. This was 
1 0 washed wifli water, dried (MgS04) and ev^orated to give the etude product 
Purification of the crude mixture by chromatography on siUca gel cohmm usmg 
diethyl ethenhexane (1 ;1) gave the malonate derivative 769 mg (44%). 
*HNMR(CDa3, TMS) 1.23 (t, 6E0. 1.54 (s, €H), 231 {s, ZH), 3,04 (d, 2H), 3.63 (t. 
IH), 4.18 (q, 4H). 4.86 (s, 2H), 7.87 (s. IH). 

15 

Example 25: Treatment o f Stress-indur^ angina wifh 
Patients with a history of exercise induced angma were taking P5P either before 
or after the onset of angina. Several measure can be used to test the effectiveness 
of P5P for the treatment of angma including the time to onset of angma, exercise 
20 duration, time to 1mm ST dq)rBssion, and patient pain evaluation. O&er 

e3q)eriments that could be used to test the conqwund uichide the canine model of 
myocardial ischemia, the canme model of ecertional dysfunction, or tiie isolated 
perfiised rate heart model of low flow ischraiia. 

25 Example 26; Effect of P5P on glucose oYiri«f ion rates or nmr^jac fimctinn 
. Study Design 

The goal was to determme if P5P altered glucose oxidation rates or cardiac 
function in the isolated non-ischemic working rat heart model. This was achieved by 
subjecting rat hearts to 60 minutes of aerobic perfusion. P5P was added about 5 
30 minutes mto tiie aerobic period and flie effects of P5P on ghicose metabolism was 
detwmined during the aerobic period. Saline control. DGA (dichloroacetio acid) 
positive control, P5P were tested, with six patients in each group. 
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Isolated Rat Heart Model 

Rat hearts were cannulated for isolated woddng heart perfusiQiis as desoibed 
previously (Lopaschuk et al., 3 Pharmacol Exp Ther, 1993 Jaii;264<l):135-44). 
In briei^ male Sprague-Dawley rats (0.3-0.35 kg) were anesthetized with 
5 pentobarbital sodium (60 mg/ kg i. p.)- The hearts were quickly excised, the aorta 
was cannulated, and a retrograde perfusion at 37^C was initiated at a hydrostatic 
pressure of 60 nmi Hg. Hearts were triimned of excess tissue, and the pulmonary 
artery and the qpeidng to flie left atrium were then cannulated. Af^ 
Langendorffperfiision, hearts were switched to the woddng mode by clamping tiie 

10 aortic inflow tine fiom tiie I^gendorff reservoir and opening 

line. The pofusate was delivered from an oxygenator into the left atrium at a 
constant preload pressure of 11 mm Hg. The perfusate was ejected fiom 
spontaneously beating hearts into a conqpliance chamber (containing 1 ml of air) and 
into the aortic outflow line. The afterload was set at a hydrostatic pressure of 80 mm 

15 Hg. 

AU working hearts were perfused with Krebs-Hensel^t solution.containing 
calciinn (2.5 mmol/ L), glucose (5.5 rxmoV L), 3% bovine serum albimiin (&tty acid 
free, Sigma), and with palmitate.(0.4 mmol/ L). The poiusate .was recirculated, and 
the pH was adjusted to 7.4 by bubbling with a mixture containing 95% Q2 and 5% 

20 CQ2. Spontaneously beating hearts were lised in aUperfiisions, heart rate and aortic 
pressure were measured witii a Bi(q>ac Systems Inc. blood pressure transducer 
connected to the aortic outflow line. Cardiac output and aortic flow were measured 
with Transonic T206 ultrasonic flow probes in the preload and afterload lines, 
respectively. Coronary flow was calculated as the difference between cardiac output 

25 and aortic flow. 

Measurement of Glucose Oxidation: 

Glucose oxidation was measured by p^iusing the hearts with [^"^C] glucose. 
The total myocardial production and ^^CQ2 production were determined at 10- 
30 min intervals fiom the 60-minute aerobic period. Glucose oxidation rates were 
determined by quantitative measurement of ^^COz production as described 
previously. An imbalance between glycolysis and glucose oxidation can eiqplain the 
detrimental effects of high levels of fatty acids during a^pbic reperfusion of 
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ischemic heaits. Lopasdiaulk, et al., J Phanmcpl Bxp Ther. 1993; 264: 135-144.), 

Results Glucose Qxidatfom: 

As shown in Figure 1 DGA (positive control) resulted in a significant 
increase in glucose oxidation rates as compared to control (2422 ± 140 vs. 1580 ± 
183. respectively, p=0.001). As well. P5P was able to show a significant increase in 
glucose oxidation rates when compared to the control (2253 ± 230 vs. 1580 ± 1 83, 
respectively, p=0.045). 

Therapies that reduce fatty acid oxidation and increase glucose oxidation 
have been shown to have a clear clinical benefit to patients wifli eitfa^ stable angina 
or unstable angina, without any undesirable hemodynamic effects. (Wolff et aL 
"Metabolic approaches to the treatment of ischemic heart disease: The clmidans* 
pwspective'' HeartFailure Review, 2002. 7:187-203.) Clinical trials with partial 
fetty acid oxidation inhibitors have showed that the shift in substrate oxidation has 

15 antiangmal action. A shift fit»mfitty acid oxidation to ghicose oxidation leads to a 
reduced gluconeogenesis and improved economy of cardiac work (Rupp et al. "The 
use of partial fetty acid oxidation inhibitors for metabohc therapy of angina pectoris 
and heart feilure." Heiz 1001 Novi27(7):621-36.). Clinical trials have also shown 
that agents, which increase glucose oxidation, either alone or in combination with a 

20 Ca+2 channel antagonist or a beta-adrenergic receptor antagonist, have 

demonstrated reduced symptoms of exercise-induced angina (unstable angina). 
(W.C. Stanley 'Tartial fatty acid oxidation inhibitors for stable angina.*' Expert 
Opinions Investigational drugs, 2002 May; 1 1(5):615-629.) 

Because P5P mcreases the rate of glucose oxidation in working hearts, it is likely 

25 to have a beneficial effect on angina, bofli stable and unstable. 

Although embodiments of the invention have been described above, it is not 
limited thereto, and it wiU be parent to persons skilled in the art that numerous 
modifications and variations form part of the present invention insofar as they do not 
dq)art &om the spirit, nature and scope of the claimed and described invention. 
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WECLAIM: 

1. A method of treating angma in a mammal conqaisiiig adnunistering a 
flier^eutically effective amount of at least one of pyri<loxal-S'-^h0q)hate, pyiidoxal, 
pycidoxine, pyridoxic add, or pyridoxamine. 

2. A meflnod of treating angina in a mammal c<Miq)rising administaing a 
thei^eutically effective amoimt of at least one con^imd of the fomuila 

CHO 

^ X J 

; whercdn 

Ri is alkyi or alkenyl» in wbich alkyl or alkraiyl can be interrupted by 

nitrogen, oxygen, or sulfiir, and can be siibstituted at 
the tenninal caibon by hydroxy, alkoxy, 
alkano>ioxy, alkanoyloxyaryl, alkoxyalkanoyl, 
alkoxycaibonyl, or diaUgrlcaibamoyloxy; 

alkoxy; 

dialkylamino; 

alkano^oxy; 

alkano^oxyaiyl; 

alkoxyalkanoyl; 

alkoxycaibonyl; 

dialkylcarbamoyloxy; 

aryi, aryloxy, arylttiio, or aralkyl,in which aryl can be substituted by 
alkyl, alkoxy, amino, hydroxyjlialo, nitro, or 
alkanoyloxy; or 

a pharmaceutically acceptable salt thereof. 

3. The method of claim 2, wherein said Ri is phenyl or naphth>i in which 
phenyl or naphthyl is unsubstituted or siibstituted by one or more groins of Cu 
alkyl^ Ci-4 alkoxy, amino, hydroxy, halo, nitro, or Cm alkanoyloxy. 
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4. The method of claim 2, wherein said R, is (2-acetoxy-2-methyl)propaiiyl, 
dimethyiamino, or 1-ethanoyipxy-l-methyIethyl. 



6. The method of claim 2, wherein said Ri is methoxy or ethoxy. 

7. The method of claim 2, wherein said Ri is toluyi, naphfbyl phenyl, 
acetyl^henyl, or l-eOianoyloxyphenyL 

8. The method of claim 2, wherem said R, is acetylsaUcyi, dimethyiamino, or 
2,2-duneth^efliyi. 

9. The method of claun 2, wherem said conqiound is 2-methyl-3-toluoyloxy-4- 
fonnyl-5-hydroxymelfay^>Tidine. 

1 0. The method of claim 2, wherein said compound is 2-mefliyl-3-;S:. 
n^hthoyloxy-4-formyl-5-hydroxymethylpyridine. 

11. A method oftreatmg angina ma mammal comprising administering a 
therapeutically effective amount of at least one compound of the formula 



5. 



The method of claim 2, wherein said Ri is tert-hutyl 




wherein 



Ri is alkyl or alkenyl, in which alkyl or alkenyl can be inteirupted by 

nitrogen, oxygen, or sulfur, and can be substituted at 
the terminal carbon by hydroxy, alkoxy, 
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alkano:^oxy, alkanoyloxyaryl, alkoxyalkanojd, 
alkoxycaibonyl^ or diallQrlcaibamoyloxy; 

allraxy; 

diaUcylamino; 

aIkano>doxy; 

alkanoyloxyaryl; 

alkoxyalkanoyl; 

alkoxycarbonyl; 

dialkylcaibamoyloxy; 

aiyU aryloxy, ar>ithio, or aralkyUn vMch aiyl can be substituted by 
a]k}i, alkoxy, amino, hydioxy^ialo, nitco, or 
alkano^ox)^ and 

R2 is a secondary amino groiq>; or 

a pharmaceutically acceptable salt ihereot 

12. The method of claim 11, wherein said Ri is phen>d or m^hth^d in which 
phenyl or n^hthyl is unsubstituted or substituted by one or more groups of 
aUcyl, Cm alkoxy, amino, hydroxy, halo, nitro, or Cm alkanoyloxy. 

13. The method of claim 1 1, wh^in said Ri is (2-acetoxy-2-methyl)propanyl, 
dimethylamino, or l-e&anoyloxy-l-metfaylethyi. 

14. The method of claim 1 1, i^erem said wherem Ri is tert-hvAyl. 

15. The method of claim 1 1, whcarem said wherein Ri is meflioxy or ethoxy. 

16. The method of claim 1 1, wherein said R\ is toluyl, naphthyl, phenyl, or 1- 
ethanoyloxyphenyl. 

17. The method of claim 1 1, wherem said Ri is dimethylamino, acetylsalicyl, or 
2,2-dimethylethyL 
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18. The method of claim 1 1, wherem said R2 is a groiq) of ihe fbimiila 

wherein R3 and R4 are each indqiendently alkyi or when taken together fonn a ring 
with flie nitrogen atom and which ring may optionaUy be intemq)ted by a nitrogen 
or oxygrai atom 

1 9. The method of claim 1 1, wh^ein said R2 is piperidino. 

20. The method ofclaim 11. wherein said Ra is moiphDlino or pq»erazino. 

21. The method of claim 11, wherem said compound is l-moipholino-1,3- 
dihydro-7-(^^.toluoyloxy)-6-methyifuro(3,4^)pyridine. 

22. The mediod of claim 1 1, wherein said conqx>und is l-moiphoIino-1,3- 
dihydro-7-<;ff.naphthoyloxy)-6-methyi£uro(3,4-c)pyridine. 

23. The method of claim 11, wherdn said compound is l-moipholino-1,3- 
dihydro-7-pivaloyloxy-6-methjdfuro(3,4-<:)pyridine. 

24. The method of claim 11, wherein said conq)6und is l-moiphoIino-1,3- 
dihydro-7-(dimethylcaibamoyloxy-6-mefliyl£uio(3,4-c)pyridine. 

25. The method of claim 1 1, wherein said comporaid is l-moipholino-1,3- 
dihydro-7-acetylsaMcyioxy-6-methylfitto(3,4-c)pyridme. 

26. A method of treating angina in a mammal comprising administeiing a 
therapeutically effective amount of at least one compound of the formula 
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wfaereiii 

Ri is hydrogen or alkj^ 

Ra is -<3iO, -CJfcOH, 4ai3, •<X)2R« in wWch R« is hydrogen, 
or 

Rjt is rC3l2.0-alkyl- in which alkyl is covalently bonded to llie oxygen at the 

3-position instead of Ri; 
R3 is hydrogen and Ri is hydroxy, halo, alkoxy, alkanoyloxy, alkylamino or 

arylamino;or 
R3 and R4 are halo; and 

Ra is hydrogen, alkyl, aryl, aaSkyU or-CQzR? in whichR? is 

hydrogen, aOcyl, aryl, or arallQrl; 
or a pharmaceutically acc^table salt thereof. 

27. The meftiod of claim 26, wherem said Ri is hydrogen. 

28. The method of claim 26, wherein said R2 is -CH2OH, or -CHj-O-alkyl- in 
which alkjl is covalmtly bonded to the oxygen at die 3-position instead of Ri- 

29. The method of claim 26, wherein said IS^ is hydrogen and R4 is F, MeO-, or 
CH3C(0)0-. 

30. The method of claim 26, \^aein said R3 and R4 are F. 

31. The method ofclaim 26, herein said R5 is aD^ or aralkyl. 

32. The method of claim 26, wherein said R5 is t-butyl or benzyl. 
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A method of claim 26, wherein said conqiouiid is 




9 

9 




47 



wo 2004/084910 



PCT/IB2004/000910 




34. A method of treatmg angina in a mammal comprising administering a 
flier£q)eiitically effective amomit of at least one compound of tiie formula 




wherein 

Ri is hydrogen or alkyl; 

R2 is -CaO, -CH2OH, -CH3 or -CO2R5 in which R5 is hydrogen, alkyl, or 
aryl; or 

R2 is -CH2.0-aIkyl- (in which alkyl is covalently bonded to the oxygen at the 
3-position instead of Ri); 



48 



wo 2004/084910 



* 1 

i; I 

PCT/m2004/000910 



R3 is hydiogeED, aUc^ aiyU or aialls^; 

R4 is hydrogen, alkyl, aryl» aralkyU or -CO2R6 in which is 

hydrogen, alkyl, aryl, or aralkyl; and 
n is 1 to 6; 

or a pharmaceutically acceptable salt therieof 

35. The method of claim 34, wherein said Ri is hydrogen* 

36. The method of claim 34, wherein said R2 is -CH2bH, or -CH2.0-alkyl- in 
which alkyi is covalently bonded to the oxygen at the 3*position instead of Ri. 

37. The method of claim 34, wherein said R3 is hydrogen. 

38. The method of claim 34, wherein said R4 is alkyl or H. 

39. The method of claim 34, wherein said R4 is etiiyl. 

40. The method of claim 34, wh^ein said compound is 
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41. Amethod of treating angina in a mammal conq>rising administ^ing a 
tber^eutically effective amount of at least one compound of the fomiula 




OR, 



in which 

Ri is hydrogen or alkyl; 

R2 is-GHO, -CH2OH, -CH3 or -CO2R8 in which Rs is hydrogen, alkyl, or 
aryi; or 

R2 is -CH2-0-alkyl- in which alkyl is covalently bonded to the oxygen at the 

3-position instead of Ri ; 
R3 is hydrogen and R4 is hydroxy, halo, alkoxy or alkanoylox)^ or 
R3 and R4 can be taken together to fi>rm =0; 
R5 and R^ are hydrogen; or 
R5 and R^ are halo; and 

R7 is hydrogen, alkyl, aryl, aralkyl, or --COaRs in which Rg is 

hydrogen, alkyl, aryl, or aralkyl; 
or a pharmaceutically acceptable salt thereof. 

42. Themethodofclaim41^ wherein said Ri is hydrogen. 

43. The method of claun 41, wherein said R2 is -CH2O or -CH2.0-alkyl- in 
which alkyl is covalently bonded to the oxygen at the 3-position instead of Ri. 

44. The method of claim 41, wherein said R4 is -OH or CH3C(0)0-. 
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45. The method of claim 41, wherein said R3 and R4 taken together fonn «0. 

46. The method ofclaim 41, wherein said R5 and R<s are F. 

47. The method of claim 41, wherein said R7 is aJkyl. 

48. The method ofclaim 41, wherein said R7 is ethyl. 



49. The method of claim 41, whwein said compound 



IS 



H3C 




.or 
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Figure 1 



Glucose Oxidation 
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